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(54) Device for the thermal overload protection of an electric motor and related method 



(57) The present invention relates to a device for the 
thermal overload protection of an electric motor, com- 
prising acqui^tion and processing means 101 which 
acquire from suitable detection sensors analog signajs,. 
1 indicating the currents supplying the motor and calcu- 
late corresponding digital signals 2; processing means 
102 which, depending on the input digital signals 2, cal- 



culate the status variables of a thermal model of the 
motor; a control unit 103 which cornpares at least one of 
said status variables received at the input with a def ined . 
threshold value and, if it excjeeds the threshold, sends a 
tripping signal to interruption rqeans in order to interrupt 
the power siq^ply of the nrx)tor 
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Description 

[00O1] The present invention relates to a device for the thermal overload protection of an electric motor and related 
methcxJ. 

5 [00C2] More particularly, the device according to the present invention, through the use of a suitable mathematical 
model, allows to simulate the thermal behaviour of the motor in relation to the currents supplying said motor and to 
detect thermal overioad conditions, said device differing from the known art for the high degree of precision the repeat- 
abil it/ of its operation and its flexibility during practical use. 

[00O3] The device according to the invention is particularly suitable for use in low-voltage electric motors and will 

10 be described hereinafter with reference to this application, without thereby limiting its applicational scope in any way. 
[00O4] As is known, thermal overload protection devices for electric motors, and for low voltage motors in particular, 
are ised to monitor how much current above the rating plate value has fed a motor, for how long and starting from which 
initial conditions of the motor. In principles, the higher the power supply current, the shorter the time for which the motor 
is able to withstand the overload. When the overload condition reaches potentially dangerous values for the correct 

15 operation of the motor, the protection device. intervenes, interrupting the power supply. 

[00O5] At present this type of protection may be provided by means of bimetallic relays, the main drawback of which 
consists in the extreme sensitivity to the temperature outside the motor. In fact, on account of this sensitivity, bimetallic 
relays cause untimely tripping of the protection system, in particular when the motor is started up again; moreover, the 
behaviour of the device in terms of repeatibility of operation is extremely variable. 

20 [00O6] The use of microprocessor-based electronic relays as devices for thermal overioad protection is also known | 
an example of this type of devices is provided by US patent No. 4,547,826. According to the solution described in this 
patent, in order to calculate the operating temperatures of the motor and determine tripping of the protection system, a 
thermal model is used, the coefficients of said model being obtained by means of electric circuits which are equivalent 
to the thermal behaviour of the motor. In particular, in these circuits, values which are equivalent to the parameters 

25 which characterize the physical behaviour of the motor, such as equivalent thermal masses, equivalent thermal resist- 
ances, etc.. are used. This Involves the need of identifying these physical parameters for each specific motor to be pro- 
tected and results in lack of flexibility of the protection device and unsuitability thereof for operation in those cases 
where there is no information on the physical parameters of the motor, but only information on the rated values of the 
currents involved. 

30 [O0O7] The main task of the present invention is that of providing a device for the thermal overload protection of an 
electric motor which allows the thermal behaviour of the motor to be simulated in a precise and reliable manner, inde- 
pendently of the specific parameters of each individual motor, said device distinguishing itself from the devices of known 
type for the high degree of flexibility during use. ^ 
[00O8] As a part of this task, an object of the present invention is that of providing a device for the thermal overioad 

35 protection of an electric motor operation of which is independent of external factors and allows untimely tripping of the 
protection system to be avoided. 

[00O9] A further but not the last object of the present invention is to provide a device for the thermal overload pro- 
tection of an electric motor that is highly reliable and relatively easy to manufacture at competitive costs. 
[001 0] This task, as well as these and other objects which will emerge more cleariy hereinafter are achieved by a 
40 device for the thermal overioad protection of an electric motor connected to a power supply line, said line being provided 
with sensors for detecting the cun'ents supplying the motor and means for interrupting said currents, characterized in 
that it comprises: 

acquisition and processing means 101 which acquire in irput, from said detection sensors, analog signals 1 indi- 
45 eating the supply currents of the motor and calculate corresponding digital signals 2; 

processing means 102 which, depending on said input digital signals 2, calculate the status variables of a thermal 
model of the motor, said thermal model being based on status equations, the coefficients and initial cold values of 
the status variables of which are predetermined by means of: 

so 

definition of the tripping times of the protection system according to the class of motor and its rated supply cur- 
rent; 

definition of a minimum current which determines tripping of the protection system and definition of the corre- 
sponding threshold values of the status variables; 
S5 ' calculation of the coefficients of the status equations and initial values of the status variables on the basis of 
the tripping times and the defined threshdd values; 

a control unit 1 03 which compares at least one of said status variables received at its input with a defined threshold 
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value and. if it exceeds the threshold, sends a tripping signal to the intenruption means in order to interrupt the 
power supply of the motor. The device according to the invention, by means of the introduction of the thermal model 
thus conceived, is able to simulate perfectly the thermal behaviour of the motor and to carry^put thermal overload 
protection operations which are effective, precise and repeatable; in particular, it js able to perform the function of 
s protection of low-voltage electric motors in accordance with that laid down by the international standard lEC 947- 

4-1. ■ • ' . : , 

[001 1 ] The above mentioned task, as well as the objects mentioned above and others as well, are also achieved by 
a method for the thermal overload protection of an electric motor connected to a power supply line, said line being pro- 
10 vided with sensors for detecting the currents supplying the motor and means for interrupting said currents, character- 
ized in that it comprises the following steps: 

a) acquiring, from said sensors, signals indicating the supply currents of the motor and calculating digital signals 
corresponding to said analog signals; 

15 . • 

b) calculating the status variables of a thermal model of the motor using said digital signals, the thermal model 
being based on, status equations, the coefficients and initial cold values of said variables of which are predeter- 
mined in the following manner: 

20 - definition of .the tripping times of the protection system according to the class of motor and its rated supply cur- 
rent; ..^i 

definition of a minimum current which determines tripping of the protection system and definition of the corre- 
sponding threshold values of the status variables; 

calculation of the coefficients of the status equations and initial values of the status variables on the basis of 
25 the tripping times and the defined threshold values: ■ ^ > 

c) comparing at least one of said status variables with a defined threshold value and, if it exceeds said threshold, 
sending a tripping signal to the interruption means in order to interrupt the power supply of the motor. 

.30 [(K)1 2] Further characteristics and advantages of the invention will emerge more clearly fronri the description of pre- . 
ferred. but not exclusive emkxxdiments of the device according to the invention, illustrated.by way of a non-limiting exam- 
ple in the accompanying drawings, in which: .... . „ 

• \ 

Figure 1 shows an overall block diagram of the device according to the invention; 
35 - Figure 2 shows a detailed block diagram of the device according to the irrvention; 

Figure 3 shows a block diagram of the processing means used in the device according to the invention. 

[001 3] With reference to Figure 1 . an electric motor 300 is connected to a power supply line 200; the line 200 is pro- 
vided with suitable current detection sensors 4, for example current transformers, which detect the supply currents of 

40 the motor indicated in their entirety by the reference number 1 , and means 400 for interrupting said currents. 

[0014] Tripping of the interruption means 400. consisting for example of a contactor, is determined by a command 
signal imparted by a protection device 100 using the methods which will be described in detail.in following. 
[0015] The protection device 100 according to the invention comprises acquisition and processing means 101 
which receive at their input, from the sensors 4, analog signals indicating the supply currents i of the motor and which 

45 output to processing means 102 corresponding digital signals 2. Advantageously, as Illustrated in Figure 2, the supply 
energy provided by the current transformers is stored in a power supply unit 19; in this way a quantity of energy is 
saved, said energy being able to be used for automatic supplying, if necessary, of the device at times when the motor 
power supply is interrupted; for example, this power supply unit may consist of one or more capacitors. 
[0016] Depending on the input digital signals 2. the processing means 1 02 calculate the status variables of a ther- 

50 mal model of the motor, using the methods which will be described in detail hereinafter. In particular, the signals indi- 
cating the value of at least one of said status variables are provided to a control unit 103 which compares them with a 
predetermined threshold value; if the values calculated exceed the threshold, the unit 1 03 sends a tripping signal to the 
means 400 in order to interrupt the motor power supply. 

[0017] As illustrated in detail in Figure 2, the acquisition and processing means 101 comprise conditioning means 
55 5 which condition the input signals 1 so as to provide them with a correct level for input to converter means 6; these 
converter means 6, which consist for example of known A/D converters, suitably sample the signals received and con-, 
vert them from analog to digital signals. In the embodiment of the device according to the invention, the analog signals 
are sampled at a periodic frequency F^, ranging preferably between 150 Hz arKi 2 kHz. 
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[OO^a] The digital signals thus obtained are then input to first calculating means 8 and to second calculating means 

[00*1 9] The first calculating means 8 and the second calculating means 7 calculate, for each supply current, signals 
Indicating, respectively, the square of the root mean square value of the current (Irms)^ and the square of the peak 
va!LJ€(lp) . The values (Irms)^ thus obtained are sent to first selection means 9 which select the highest value of (Irms)^; 
in turn, the peak values (lp)^are sent to selection and compensation means 10. 

[OO20] The means 10 suitably compensate the input peak values (Ip^^, In order to take account of any saturation of 
the cun-ent transformers, and select the highest value of (fp^^. Generally saturation of the current transformers occurs 
for values of l>lsat, where typically I ^^=6\n and In is the rated current of the current transformers used. 
[0021] The two values thus selected are provided to second selection means 11; said means 11 send to the 
procfissing means 102 the signal Indicating the highest value of (Irms)^ when (lRMS)^<(lr,m). km being a predefined limit 
value; or the signal indicating the highest value of (Ip)^ when (lRMS)^>(l|im)" 

[00221 In a preferred embodiment of the device according to the invention the predetermined limit (lnm) is equal to 
6ln; in an equivalent manner, other limits could be defined, however, according to applicational requirements. 
[0023] The selected signal. Indicated In Figures 1 and 2 by the reference number 2. Is then sent to the processing 
means 102 for calculation of the status variables of a thermal model of the motor, the status equations of which simu- 
late, in particular, the temperature progression of the copper Tcu and iron T,e In the motor. Preferably, the processing 
means 102 comprise a programmable memory selected from the group comprising: EPROM (Erasable Programmable 
Read-Only-Memory), EEPROM (Electrically Erasable Programmable Read-Only-Memory), flash memories, and 
PROM (Programmable Read-Only-Memory). 

[0024] In the device according to the invention, the thennal model of the motor, during the heating transient, Is 
based on the following difference equations with constant coefficients: 

rcu(f + 1) = A X Tcu(t) B X Tfe{t) ^Kxl^ 
r/e(/ + 1) = C X TcuiO + Dx Tfe{t) -^Hxl"" 



where A, B. 0. D, K. H. are multiplicative coefficients. T^u e Tfe are the status variables of the model and 1^ is the 
selected digital signal 2, indicating the supply currents of the motor. 

[0025] In particular, in a preferred embodiment of the device according to the invention, the thermal model is calcu- 
lated assuming that the coefficient H is zero; alternatively the value of H could be calculated in a manner which Is 
entirely similar to that used for the other coefficients and which will be described hereinafter. 

[0026] The two difference status equations are calculated with calculation frequencies (Fsi, Fs2}>Fs where Fs is 
not a submultiple of Fsi. Fsg: advantageously, this solution allows the problems of aliasing to be avoided. 
[0027J The processing means 102 therefore output signals indicating, respectively, temperatures of the copper Tcu 
and Iron T^ of the motor. In the embodiment of the device according to the invention, the signal indicating the temper- 
ature of the copper T^y. is sent to conparator means 14 and is compared here with a predetermined threshold value; 
alternatively, and in an entirely equivalent manner, both the signals indicating the temperatures, as well as the signal for 
iron T^Q alone, could be sent to the comparison means. 

[0028] In particular, this threshold value is predetermined in accordance with the formula Tsg,=p(lmin) ^ where p 
is a coefficient which has the function of relating the rated value of the current to the rated value of Tgu. which is the 
operating temperature, and l^in Is a minimum current value which is fixed by the designer on the basis of international 
specifications; for example, this value may range between 1.05 and 1.21^ where l^ is the rated supply current of the 
motor: The rated value of Tcu. as well as that of Tfe, are values which are obtained when the supply current is =li and 
are values which are known a priori. 

[0029] If the calculated value of Tcu exceeds the predefined threshold Tsgi which is dependent on the number of 
phases of the motor which are supplied, but is the same for all the classes of protection, the means 14 send an alarm 
signal to command means 15 which In turn send a tripping signal 16 to the inten-uption means 400. This thus results in 
tripping of the protection device and Interruption of the motor power supply owing to a thermal overload condition which 
Is present. 

[0030] Advantageously, in the device according to the Invention, the coefficients A. B. C. D and K which appear In 
the previous equations, as well as the Initial values of Tqcu and TQfe for the "cold" transient, are calculated a priori In a 
specific manner for each class of overload protection and recorded in tables, using the following method. 
[0031] For each class of protection, tripping times are fixed In the following situations: 

- time te for the cold transient, with cun-ent equal to 7.2li ; 
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time ts for the hot transient, with current equal to 31^: 
time t2 for the hot transient, with current equal to 1 .5^ : 
time ti for the hot transient, with current equal to 1 -21^ 

[O032] In particular, the classes of protection are defined in accordance with that laid down by. the international 
standard lEC 947-4-1. - . 

[O033] The continuous-time equivalent of the system (1 ). i. e. the following system, is then considered : 



dTcujt) 

di 
dTfe(t) 

dt 



= axTcu{t) + b:<Tfe{t) + kxl^ 
= cyiTcu(t) + dxTfe{t) 



(2) 



where for example the. parameters a.b.c.d and k are linked to the parameters A,B.C.D and K which appear In (1 ), by the 
relations: 



20 



25 



i4 = l-^ixA/, 
K = ifcxA/, 



.(3) 



in which Ati and 6X2 are the calculating steps used tor the equations.(l). The-sojutions of the system (2) are the follow- 
-.30 ing functions: . , - 



kxid 



35 



bxc-axd 



/cxc 



(4) 



40 Where and X2 are the eigenvalues of the nrKxIel. I.e. the reciprocals of its time constants, which are obtained as a 
solution of the quadratic equation: 



45 



(A - - J ) - /? X c- - ;i* - (a + W)x A + « X J - /7X c = 0 



(S) 



and K^, K2. K3 and K4 are values linked to X^, X2 and to the initial conditions of the model, i.e. to the values of Tq^u and 
^0<e ^^^^ transient. 

[0034] From the expression Tcu(t) which appears in (4) it is possible to obtain various equations, in the unknown 
values a.b.c.d and k. once the tripping times tg. ta. tge t^ are assigned, along with other constraints such as the rated 
values of Tcu and T^q. Remembering that Tag] indicates the predefined threshold, the value of which is obtained on the 
t>asis of the minimum current value which determines tripping, in asymptotic time, of the protection system, an example 
55 of the equation which can be obtained is as follows: 



Tsgl = X e'^^'^^ + K. x e^'''% ^ w (7^»i)' 



(6) 
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which is nothing other than an indication of the constraint associated with cold tripping, with the current equal to 7.21^ 
in the time period te- 

[0025] The non-linear equations of the type (6) which are obtained upon variation of the tripping time and initial con- 
dition in general cannot be solved exactly and are therefore solved using a squared minimum method. 

5 [0036] By solving the equation of the type (6) the coefficients a.b.c,d and k. and the corresponding initial values for 
the cold transient, are obtained: by means of (3) the coefficients A.B.C.D and K are then obtained and recorded in suit- 
able tables and will then be used by the device to calculate the status variables of the model. This results in the major 
advantage of being able to have coefficients which can be used in each case according to the class of the motor without 
having to adjust physically the protection system, modifying the construction thereof or modifying the settings thereof. 

10 [0037] An entirely similar method may be used to obtain the coefficients of the thermal model during the cooling 
phase: in this case the equations are obtained by applying cooling times instead of protection tripping times. 
[0038] With reference to Figure 3. a possible embodiment of the processing means 102 will now be described. The 
digital signal 2 selected by the acquisition and processing means 102, Indicating the highest value of (Ip)^ or (Irms)^> >s 
sent to first multiplier means 20 and multiplied there by the quantity 1^/1^. The signal 40 obtained is sent to comparison 

15 means 21 and compared with two reference values Il.w and lyp; for exarrple it is possil^le to have l^w^'*^ 

I yp=1 ,1 In . If the signal 40 is between t|^vv Iur in order to avoid problems of ripple, a value equal to l^w *s assigned 
to this signal; the output signal 41 is sent to second multiplier means 23. 

[0039] Advantageously, in the protection device according to the invention, it is possible to send the signal 41 to 
comparator means 22 which compare it with a current value equal to lup In the case where the value of the signal 41 
20 is greater than lyp the comparator means 22 output a signal indicating the danger of an overload; for example this sig- 
nal may be used to light up a LED and visually warn an operator of the danger situation. 

[0040] The means 23 multiply the signal 41 by the value of the coefficient K and send the signal obtained 50 to an 
adder node 24. Two other signals are sent to this node 24: the first signal 42. provided by the value of T^u at the instant 
t multiplied in fourth multiplier means 25 by the value of the coefficient A; the second signal 45, provided by the value 

25 of Tfe at the instant t multiplied in fifth multiplier means 26 by the value of the coefficient B. The three signals 42, 45 and 
50 are added together in the node 24 so as to obtain at the output the value of Tcu at the instant (t+1). This value is 
then sent to the comparator means 14 and compared with the threshold value in accordance with that previously 
described. The values of Tcu(t) and Tfe(t) are moreover sent respectively to the multiplier means 28 and 29 in which 
they are multiplied, respectively by the values of the coeff idents C and D. The two signals are then added to the adder 

30 node 30 so as to obtain the value of Tfe(t+1 ). The signals Tte(t+1 ) and Tcu(t+1 ) are then sent respectively into the blocks 
31 and 32 which are memory locations for the calculated values; the values allocated in these blocks in turn form the 
values at the instant t for the next calculation step. 

[0041] The coefficients A. B, C, D and K are pre-recorded in tables for each class of protection of the motor, accord- 
ing to the method previously described. These tables are also used to record the initial cold values Tq^ and Tqcu of the 
35 status variables which are used in the initial calculation step of the model. 

[0042] The device thus conceived may be subject to numerous modifications and variants all of which fall within the 
scope of the inventive idea; moreover all the details may be replaced by other technically equivalent elements. 
[0043] Basically, the materials, as well as the dimensions, may be of any kirxl in accordance with the requirements 
and the state of the art. 

40 

Clairns 

1 . Device for the thermal overload protection of an electric motor connected to a power supply line, said line being pro- 
vided with sensors for detecting the currents supplying the motor and means for interrupting said currents, charac- 
45 tertzed in that it comprises: 

acquisition and processing means 101 which acquire in input, from said detection sensors, analog signals 1 
indicating the supply currents of the motor and calculate corresponding digital signals 2; 
processing means 102 which, depending on said input digital signals 2, calculate the status variables of a ther- 
so mal model of the motor, said thermal model being based on status equations, the coefficients and initial cold 

values of the status variables of which are predetermined by means of: 

definition of the tripping times of the protection system according to the class of motor and its rated supply 
current; 

S5 - definition of a minimum current which determines tripping of the protection system and definition of the 

corresponding threshold values of the status variables; 

calculation of the coefficients of the status equations and initial values of the status variables on the basis 
of the tripping times and the defined threshold values; 
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a control unit 103 which compares at least one of said status variables received at its input with a defined 
threshold value and. if it exceeds the threshold, sends a tripping signal to the interruption means in order to 
interrupt the power supply of the motor. 

5 2. Device for the thermal overload protection of an electric motor according to Claim 1 , characterized in that said sta- 
tus variables consist in a first variable (Tcu) indicating the temperature of the copper. and a second variable (7^) . 
indicating the temperature of the iron. ' . . . :.. 

3. Device for the thermal overload protection of an electric motor according to Claim 1. characterized in that said 
10 acquisition and processing means 101 comprise corxlitioning means 5 which condition said input analog signals 

and supply them to converter means 6 which convert them into conresponding digital signals. 

4. Device for the thermal overload protection of an electric motor according to Claim 3, characterized in that the acqui- 
sition and processing means 101 comprise first calculating means 8 which receive at their input from the converter 

15 means 6 said digital signals and output to first selection means 9 signals indicating the squares of the root mean 
square values of the supply currents (Irms)^* s^>ci first selection means 9 providing second selection means 1 1 with 
the signal indicating the highest value of (Irms)^- 

5. Device for the thermal overload protection of an electric motor according to Claim 3. characterized in that the acqui- 
20 sition and processing means 101 comprise second calculating means 7 which receive at their input from the con- 
verter means 6 said digital signals and output to selection and compensation means 10 signals indicating the 
square of the peak values (Ip)^ of the supply currents, said selection and compensation means 10 compensating 
the values received at their input and providing the second selection means 1 1 vyith the signal indicating the highest 
value of (lp)2. 

6. Device for the thermal overload protection of an electric. motor according to Claim 5. characterized in that the sec- 
ond selection means 1 1 send to the processing means 102 the signal indicating the highest value of (Irms)^ when 
(lRMS)^<('iim). him being a predetermined limit value, and send to the processing means 102 the signal indicating 
the highest value.of (Ip)^ when {lRMS)^>(l|im)- . . . . . = 

7. Device for the thermal overload protection of an electrio motor according to Claim 6,. characterized in that' the. 
processing means 102 calculate, depending on the current signal received at their input, said variables T^u and 
and output to conrparison means 14 signals indicating calculated values of T^u- 

35 8. Device for the thermal overload protection of an electric motor according to Claim 7, characterized in that the con- 
trol unit 103 comprises comparison means 14 which compare said signals indicating values of T^u calculated with 
a defined threshold value and. if they are greater than the threshold, output an alarm signal indicating a thermal 
overload to command means 15, said command means 15 sending a tripping signal to the interruption means. 

40 9. Method for the thermal overload protection of an electric motor connected to a power supply line, said line being 
provided with sensors for detecting the currents supplying the motor and means for interrupting said currents, char- 
acterized in that it comprises the following steps: 

a) acquiring, from said sensors, signals indicating the supply currents of the motor and calculating digital sig- 
45 nals corresponding to said analog signals; 

b) calculating the status variables of a thermal model of the motor using said digital signals, the thermal model 
being based on status equations, the coefficients, and initial cold values of said variables of which are prede- 
termined in the following manner: 

so ' definition of the tripping times of the protection system according to the class of motor and its rated supply 

current: 

definition of a minimum current which determines tripping of the protection system and definition of the 
corresponding threshold values of the status varlatrtes: 

calculation of the coefficients of the status equations and initial values of the status variables on the basis 
55 of the tripping times and the defined threshold values: 

c) comparing at least one of said status variables with a defined tiireshold value and. if it exceeds said thresh- 
old, sending a tripping signal to the interruption means in order to interrupt the power supply of the motor. 
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1 0. Method for the thermal overload protection of an electric motor according to Claim 9, characterized in that said step 
a) comprises: 

conditioning the analog signals received at the input and converting them into corresponding digital signals, 
said analog signals being sampled with a frequency Fs; 

calculating digital signals indicating the squares of the root mean square values (Irms)^ squares of the 

peak values (Ip)^ of the motor supply currents; 
selecting a signal indicating the highest value of (Irms)^; 

compensating the signals indicating the squares of the peak values (Ipj and selecting the signal indicating the 
highest value of (Ip)^; 

selecting the signal indicating the highest value of (Irms)^ when (lRMS)^<('iim). him being a predetermined limit 
value, or the signal indicating the highest value of (Ipj^ when (lRMS)^>('iim)- 

11. Method for the thermal overload protection of an electric motor according to Claim 10. characterized in that said 
step b) comprises calculating, depending on the selected signal indicating the highest value of (Irms)^ ^ Cp)^' ^ 
system of two difference status equations of the type, 

Tcu{t + 1) = A X Tcu(t) + B X Tfe(t) + K x 1^ 

Tfe(t + 1) = C X Tcu{t) + D X Tfe{t) + H x 

where A, B, C. D, K, H are predetermined coefficients, and T^u and Tfe are status variables indicating the temper- 
atures of the copper and the iron of the motor. 

12. Method for the thermal overload protection of an electric motor according to Claim 11, characterized in that said 
two difference status equations are calculated with calculation frequencies (Fs1, Fs2)>Fs where Fs is not a sub- 
multiple of Fs1 . Fs2. 

1 3. Method for the thermal overload protection of an electric motor according to Claim 9. characterized in that said step 
c) comprises comparing the value indicating the tenperature of the copper Tcu with the defined threshold value 
and. if it exceeds the threshold, sending an alarm signal indicating a thermal overload condition which is present. 
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